In patients with chronic paracoccidioidomycosis (n ‫؍‬ 10), levels of tumor necrosis factor alpha, interleukin-10, and interleukin-2 in serum, measured by enzyme-linked immunosorbent assay (in picograms per milliliter, as mean ؎ standard error of the mean), were higher than in normal controls (n ‫؍‬ 8): 186 ؎ 40 versus 40 ؎ 7 (P < 0.05), 203 ؎ 95 versus 20 ؎ 8 (P ‫؍‬ 0.001), and 96.3 ؎ 78.57 versus 1.19 ؎ 1.19 (P ‫؍‬ 0.045), respectively. Gamma interferon and interleukin-4 levels were similar in patients and controls.
Paracoccidioidomycosis, the progressive systemic mycosis caused by Paracoccidioides brasiliensis, can evolve into several clinical forms, with different degrees of cellular immunity defect. Phagocytes and lymphocytes control the dissemination of P. brasiliensis through the production of cytokines and other functions. Different regulatory pathways determine the pattern of immune response, which can be effective, resulting in the clearance of the fungus, or ineffective, allowing it to multiply in the tissues. In areas where the fungus is endemic, at least 25% of people present a positive skin test with Paracoccidioides brasiliensis antigen, but only a few develop disease, suggesting a defect restricted to the control of P. brasiliensis.
Paracoccidioidomycosis is associated with lymphopenia and abnormalities in cytokine production (1, 10) . Though in animal models regulatory CD4 ϩ subsets contribute to the defect, their role in humans is not known. To analyze the participation of different subsets of immunocompetent cells in human chronic paracoccidioidomycosis, the aim of this study was to determine the serum levels of cytokines characteristic of discrete subsets: gamma interferon (IFN-␥), interleukin 2 (IL-2), and IL-4, for lymphocytes, and tumor necrosis factor alpha (TNF-␣), a macrophage-associated cytokine, and IL-10, produced both by macrophages and by TH2 CD4 ϩ T-lymphocytes. A caveat for this approach is that the kinetics for an individual cytokine is characteristic and noncomparable with that of other cytokines, and a significant redundancy of cellular sources exists among them.
Serum was taken at time of diagnosis from 10 hospitalized patients (nine male, one female; 30 to 66 years old). All patients presented the chronic disseminated form of paracoccidioidomycosis, with cutaneous and/or mucous lesions. The exact beginning of the disease has not been accurately recorded; nevertheless, patients are supposed to have become infected in their infancy, while living in the disease-endemic area. No immunocompromising diseases were recorded among the patients. Since they were in the course of an active infection, our hypothesis was that most cytokines would have been in some way affected. For comparison, we took serum from eight normal blood donors (all male, 22 to 44 years old), whose serum cytokine levels are usually low.
After the serum was aliquoted and stored at Ϫ20°C, cytokines were measured with commercial enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, Minn.), used according to the manufacturer's instructions. The sensitivity limit of the assays was 3 pg/ml for IFN-␥, 7 pg/ml for IL-2, 4.1 pg/ml for IL-4, 4.4 pg/ml for TNF-␣, and 2 pg/ml for IL-10. All comparisons were performed using the Mann-Whitney test with Stat-Primer software.
The comparison of IFN-␥, IL-2, and IL-4 levels for both normal controls and paracoccidioidomycosis patients ( Fig. 1) shows a significant difference only in the case of IL-2, which was higher in the patients (96.3 Ϯ 78.57 pg/ml versus 1.19 Ϯ 1.19 pg/ml, mean Ϯ the standard error [P ϭ 0.045]). One patient was clearly an outlier for IL-2, resulting in a marked dispersion of the data; if the analysis excludes this patient, the difference does not achieve significance (P ϭ 0.075), probably due to the low size of the sample.
In murine paracoccidioidomycosis, IFN-␥ is critical to controlling P. brasiliensis dissemination: being present in the lungs from susceptible animals, its neutralization exacerbates most parameters of fungal infection (4). In mice, immunodominant gp43 antigen triggers a cellular immune response that involves TH1 CD4 ϩ lymphocytes, secreting IFN-␥, which is protective (13) . In experimental models, the pattern of cytokines is considered of paramount importance in determining the result of the infection (3), with IFN-␥ (together with IL-2) being responsible for resistance. If similar roles are shared by the cytokines in human infection, the lack of increased levels of IFN-␥ and the only slightly increased values for IL-2 could explain why these patients are relatively incapable of controlling the spread of P. brasiliensis. Even if this hypothesis is correct, a central question is why levels of IFN-␥ do not increase. Recently lymphocytes from patients with active paracoccidioidomycosis have been shown to be unable to produce IFN-␥ when challenged with P. brasiliensis antigen (2); their response to stimulation with phytohemagglutinin is controversial (2, 8) . Our results are consistent with a defective produc-tion of IFN-␥ in vivo, though at present it is unclear whether the failure is at the level of T cells (as suggested by Karhawi et al. [8] ) or in their regulation. Since paracoccidioidomycosis patients are not immunodeficient with respect to other pathogens, there must be some regulatory pathway involved. Other cytokines, such as IL-10, could contribute to this defect (see below).
Though levels of IL-2 were increased, the great scattering of the data hinders the ability to reach any firm conclusion. If an increased level of IL-2 is actually present in patients, a possible explanation could lie in the differential effect of cytokines such as IL-12 (see below) on the production of different cytokines by TH1 clones. Alternatively, an increased tissular production of IL-2 resulting from CD4 ϩ T-cell recruitment in tissues could explain both lymphopenia (1) and increased levels of serum IL-2.
All patients presented detectable levels of IL-10, and seven showed detectable levels of TNF-␣ (Fig. 1) ; levels of both cytokines were significantly higher in them than in the controls (for TNF-␣, 186 Ϯ 40 versus 40 Ϯ 7 pg/ml [P Ͻ 0.05], and for IL-10, 203 Ϯ 95 versus 20 Ϯ 8 pg/ml [P ϭ 0.001]), being more than fourfold greater for TNF-␣ and more than 10-fold greater for IL-10. High levels of TNF-␣ and the spontaneous production of TNF-␣ have already been reported in paracoccidioidomycosis (1, 12) , in correlation with other proinflammatory markers. Interestingly, in murine models, TNF-␣ contributes to resistance and its production is an early but ephemeral characteristic of progressive infection (3). This role of TNF-␣ seems to depend upon the model used: in the Syrian hamster, the enhanced production of TNF-␣ persists over the course of experimental infection (11) , contributing both to the initial defense and also, late in the infection, to damage. Which models do patients most resemble? We think that the role of TNF-␣ is still to be understood, but its enhanced production is already established, and we propose that it is in some way related to a defective switch to adaptive immunity.
Probably an important mediator is IL-10. In experimental paracoccidioidomycosis in mice, a role for antigen-presenting cells (APC) and IL-10 has been reported (3, 6) . High levels of this cytokine were found in seven patients, and, to some extent, this can explain several findings and is consistent with the recent report of increased in vitro production of IL-10 by leukocytes of patients with active paracoccidioidomycosis (2). IL-10 inhibits macrophage differentiation, resulting in a defective antigen presentation and expression of either class II major histocompatibility complex antigen, the costimulatory molecule B7, or CD1a on the surface of phagocytes, among several other regulatory effects (7, 9) . It is noteworthy, that a critical function of differentiated macrophages and dendritic cells is the production of IL-12, which promotes the activation of TH1 CD4 ϩ lymphocytes and the secretion of their cytokines. If APC cannot appropriately exert their function, a block in the pathway of an effective immune response can arise, including the lack of a link between innate and adaptive immunity. In addition, IL-10 can inhibit IFN-␥ production even in the presence of IL-12 (5).
In conclusion, sera of paracoccidioidomycosis patients have significantly high levels of IL-10, TNF-␣, and IL-2. These data show that the in vivo immunity defect seen in chronic paracoccidiodomycosis includes an increase in IL-10 values and the apparent inability to augment levels of IFN-␥ in the course of the infection. Both events can be related, since IL-10 inhibits lymphocyte IFN-␥ production by inhibiting accessory cell production of IL-12 (5). We postulate a defect in macrophages or other APC, either from the beginning of the disease or at some early stage, resulting in a blocking of the effective collaboration required to mount an effective immune response against P. brasiliensis. This approach, though oversimplified, provides some useful hints for future studies and also some explanation for the difference between murine and clinical models of paracoccidioidomycosis. Further studies are required to test this hypothesis. We acknowledge E. Antón for helpful comments and M. A. Olmos for her excellent technical assistance.
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